ABSTRACT
INTRODUCTION
Success in common bean breeding by hybridization depends on the trait mean and variability magnitude generated by segregant populations. The magnitude of this variability is determined by the parental genetic diversity as well as the selfpollinated inbreeding methods of segregant populations. Therefore, an adequate choice of parents and the conduction method of segregant populations ensure superior lines with selection.
The Genealogical (Pedigree), Population (Bulk), Single Seed Descent (SSD) and the Bulk within F 2 and F 3 families are some of the methods usually used to conduct the segregant population. The most efficient conduction for segregant population can be selected by assessing the line variability after the advance of the population over several generations. Although this procedure does assess the real variability, released by different conduction procedures and for each trait of interest, it has the disadvantage of requiring a lot of experimental work. An alternative is to assess the variability released by conduction procedures, which make use of genetic diversity among lines.
Genetic diversity can be determined without experimental assessment by molecular markers such as RAPD (Random Amplified Polymorphic DNA) markers (Williams et al. 1990 ). However, it should be checked whether the population variability identified by the marker corresponds to the real variability, assessed for one or more traits of interest. Some studies which correlate genetic similarity determined by molecular markers with phenotypic diversity have shown that markers are efficient at predicting genetic diversity when several agronomic traits are taken into account, but not when only grain yield is considered (Duarte 1998 , Machado 1999 . However, there are results which indicate that in maize and soybean marker-assessed variability is correlated with yield (Ajmone Marsan et al. 1997 , Barroso 2000 .
Crop Breeding and Applied Biotechnology 4: [1] [2] [3] [4] [5] [6] 2004 Brazilian Society of Plant Breeding. Printed in Brazil On this background, our study verified whether the RAPD marker-assessed genetic similarity among families originating from different conduction methods of segregant populations indicates the grain yield variability of families.
MATERIAL AND METHODS
Two hundred and ninety-two families were used along with their two parents, Carioca and Flor de Mayo, and a control, the Pérola cultivar, evaluated in a trial carried out by Raposo (1999) . Originally, this author conducted the segregant population by different methods to the F 4 generation when 100 to 121 plants were sampled randomly, the families assessed in F 5 for grain yield, and the 64 most productive of each inbreeding method selected for comparison. Fifty-six families were obtained by the genealogical method, 55 by the population method, 62 by the SSD method, 61 by the bulk within F 2 families method and 58 by the bulk within F 3 families method.
DNA exctraction and amplification
About two grams of young leaves from 16 plants of each family were used for DNA extraction by a procedure similar to that used by Nienhuis et al. (1995) . DNA amplification, electrophoresis, and data reccording were also performed following a similar proceeding used by Nienhuis et al. (1995) . Twenty-two 10-mers primers were used. Most of the polymorphic bands generated by these primers are linked to one or more QTLs responsible for grain yield, days to flowering, weight of 100 seeds, and reactions to the causal fungi of oidium and angular leaf spot (Melo 2000) .
Molecular data analysis
Each polymorphic band was treated as a single trait. A matrix of 0 and 1 values was elaborated from the codes: presence (1) and absence (0) of 42 polymorphic bands in the families resulting from each inbreeding method. The Dice coefficient (Rohlf 1992) was used to estimate the genetic similarity (gs ij ) between each line pair by the expression gs ij = 2a/(2a + b + c), where a corresponds to the presence of the band in a pair of families, b corresponds to band presence only in the first family and c corresponds to band presence only in the second family.
The error (S gs ) associated with each similarity index was estimated according to Skroch et al. (1992) , by the expression
where n is the total number of combinations a, b, and c for each pair of families.
Similarities were cluster-analyzed by the UPGMA method (Rohlf 1992) . Genetically different families were identified in the dendrograms from the estimate of the maximum significant similarity value (gs m ). The gs m was estimated by the t test at the 1% probability level using the equation
where t is the tabulated value of t with n-2 degrees of freedom and gs s is the mean error of all gs ij . A biplot was worked out by the Multidimensional Scale Method (Rohlf 1992) .
Besides the cluster analysis, an another analysis of genetic similarity (gs ij ) among the families of each inbreeding method was carried out by the IV method of the Griffing (1956) 
where s g is the mean genetic similarity value for the families of each method; ggs i the general genetic similarity of family i, ggs j the general genetic similarity of family j; sgs ij the specific genetic similarity for the families i and j, and e ij is the error associated with gs ij (Barroso 2000) . The ggs and grain yield of the families (Raposo 1999 ) of each method were correlated.
RESULTS
The extreme values of genetic similarity estimated by each inbreeding method with their respective amplitude and mean error are showed in Table 1 . The amplitude of these values was greater in the population method, due to the greater diversity of the families, while the genealogical method showed the least amplitude.
Each inbreeding procedure brought forth: 23 genetically different families by the genealogical method, 43 by the population method, 28 by the bulk with F 2 families, 23 by the bulk method within F 3 families, and 36 by SSD. These numbers were obtained from the dendrograms constructed for each inbreeding method, and an example is shown in Figure 1 for the population method.
Figure 2. Biplot of the population method families, based on genetic similarity, with emphasis on the families which diverged from the Carioca cultivar, in the maximum equal to that of the Pérola cultivar (full losanges).
Families considered closest to the Carioca cultivar were also selected in the biplot of each method by the distance between the Carioca and Pérola cultivars as separation criteria. The population method presented most (10) Figure 2 . With the same procedure, the SSD and bulk within the F 2 families both presented nine families close to the Carioca cultivar. The genealogical method had only one family close to the Carioca cultivar, and the bulk method within F 3 families did not show any family close to the Carioca cultivar. These results are in line with those shown in Table 1 and with the number of genetically different families produced by each inbreeding method. The biplot reduced the number of similarity estimates in two dimensions, and did therefore not include the totality of similarity variation. The precision of the biplot of similarities is given by the stress estimate (Rolhf 1992) with a value of 0.1906 for the population method, expressing good precision of the graphic representation.
When the families closest to the Carioca cultivar were analyzed based on similarity values, the result differed little from that shown in the biplots ( Table 2) . As already expected, these disagreements occurred in consequence of the grouping method and, mainly, because the similarities considered in the analysis were estimated only for the Carioca cultivar. In the plots, the two dimensions involved all similarity estimates.
In the case of the genealogical method, the family closest to the Carioca cultivar according to the plot was not included among the ten families with the highest similarities. By the population method, five of the ten families selected by the Carioca  B07  B11  B25  PÉROLA  B45   FLORMAYO   B34  B51  B50  B13  B30  B14  B64  B37  B18  B20  B43  B41  B22  B16  B23  B39  B47  B46  B62  B24  B44  B08  B35  B61  B42  B55  B63  B38  B52  B09  B12  B04  B05  B26  B60  B57  B59  B53  B54  B02  B10  B29  B03  B36  B01  B28  B49  B27  B58  B48 0.83 B56 1% 0.69 0.1% 0.56 0.42 0.28 biplot were found among the ten with greatest similarities to the Carioca, but the B 14, B 20, B 39, and B 41 families did not appear selected in the plot. By the bulk within F 2 families method, only two of the families selected by the plot were found among the ten with highest similarities for the Carioca. By the SSD method, only two families selected by the plot were found among the ten families with greater similarities compared to the Carioca.
Taking the mean of the ten most similar families to the Carioca cultivar, the five inbreeding methods were similar. The population method created the most divergent families for the mean of the ten families least similar to the Carioca. Furthermore, Table 2 shows that the population method, besides having created the most divergent families, also produced those most similar to the Carioca cultivar, which is one of the most grown in the region.
To identify the contribution of each family to the genetic similarity of the others, the similarity analysis by the diallel method showed that the general genetic similarity (ggs) was predominant. It was 51 times greater when the magnitudes of the mean square (MS) of the ggs were compared with the MS of the specific genetic similarity (ggs) in the population method. The MS of the ggs was 28 times greater in the genealogical method, 87 times greater in the bulk within F 2 families, 40 times greater in the bulk within F 3 families and 36 times greater in the SSD method.
Only the population method presented association with the correlation (r = 0.49**) of the ggs estimates per family from each method with the respective grain yields.
DISCUSSION
The effect of each inbreeding method on the segregant population occurred up to the F 4 generation, when individual plants were sampled. Each plant generated a family, which was assessed in F 5 , and the 64 families with highest grain yield were selected (Raposo 1999) . The markers identify the variability among families resulting from this selection. Theoretically, it would be expected that the magnitudes of genetic variability among the families of each inbreeding method were those presented in Table 3 (Ramalho and Venkovsky 1978) .
Considering the components of expected genetic variance among families in the F 5 generation, the additive genetic variance ( 2 A σ ) is predominant. Furthermore, 2 A σ is usually superior to the 2 D σ of most traits in common bean (Ramalho et al. 1993) . Specifically regarding genetic similarity, the part of genetic variance caused by the additive effects, corresponding to general genetic similarity (ggs), represents almost the totality. Consequently, it is expected that the population, SSD, and genealogical methods would release greater variability among families, followed by the bulk within F 3 families and bulk within F 2 families with the least potential.
Another point to take into consideration is that some factors may affect the genetic variance released among families derived from different inbreeding methods. These include the inherent sampling problems of each method. Such problems affect the Raposo (1999) points out, the sampling effect impinges most on the population method, while SSD is the only method not influenced by this effect. This author mentioned that, in the F 5 generation, the N e of the population method was 0.55, while the N e of the SSD method was 16. The author also emphasized that it is perfectly possible to use a population with many individuals in the population method, which decreases the chance of loss by sampling. For example, it is common to use 2000 or more plants for the population method (this would be equivalent to the effective size of 1040 plants in F 5 , which would be the equivalent to the use of 65 plants in the SSD method).
Results for genetic similarity among the families derived from the different methods are not in line with the theoretically expected results. Among them, the population method stands out for releasing greatest variability. The bulk within the F 2 generation, expected to be the potentially least efficient, was ranked second, while SSD was ranked third. On the other hand, the genealogical method, expected to be one of the most efficient, was ranked last.
However, the most important aspect to consider is that the results for genetic similarity were similar to those obtained by Raposo (1999) who used grain yield to assess the potential of the different inbreeding methods at releasing variation (Table 4 ). This shows that the employed markers supplied similar data to those obtained from grain yield. Thus the results of genetic similarity and grain yield show that the population method was the most efficient to release variability, followed, A specific feature of the population method is the easiness of handling the segregant population as the generations advance, thus allowing the use of more individuals, which should represent the released genetic variability better. Furthermore, natural selection acts with maximum intensity in this method and more adapted individuals are expected to be selected. Results showed, as expected, that this method was most efficient at releasing the population variability, and mainly, at favoring the achievement of some families, which are more similar to the Carioca cultivar, and therefore probably more adapted.
The positive correlation observed in families generated by the population method suggests that there is an association of the band patterns with grain yield. This means that families with similar values of ggs also have similar grain yields. Thus, again, the population method did not only favor the achievement of more divergent families, but must also have aided the selection of the most adapted, since the method exploits effects of natural selection. Favorable effects of natural selection can be exploited much more intensely in a tropical country such as Brazil, where common bean is cultivated year-round, as observed by Corte (1999) . This author obtained gains of 2.4% per generation based on grain yield, after conducting the population in bulk for 18 generations. These gains are greater than those obtained by artificial selection with other inbreeding methods to advance the segregant populations (genealogical, bulk within families, SSD methods). These results indicate the superiority of the population method under tropical conditions compared to other methods, mainly to the genealogical method, which is still being used in some programs and the SSD method, which does not use natural selection.
The significant correlation for the population method also shows that the QTLs identified by Melo (2000) , although of small effect, were useful to partially explain the grain yield. 
